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What are they? Telomeres are the
natural tips of chromosomes. They
consist of tandem arrays of simple
G-rich repetitive DNA sequences
that are complexed with proteins.
The fundamental tools for keeping
telomeres healthy are amazingly
similar in both single cell eukaryotes,
such as yeast and ciliated protozoa,
and human cells.
What do they do? Telomeres have two
important duties. First, they are caps
that protect chromosome ends from
vandalistic nucleases and other
damaging activities such as unwanted
end-joining events. Second, they
enable the ends of chromosomes to
be completely replicated.
What happens when good telomeres go
bad? Uncapped telomeres resemble
broken chromosome ends and create
all kinds of trouble for the cell. The
unprotected end can become ‘sticky’,
and fuse to other chromosome ends,
or be degraded, which causes
chromosome instability and loss.
These disastrous changes in the
genome trigger DNA damage
responses that lead to cellular growth
arrest and, in some instances, cell
death. 
What causes a telomere to become
uncapped? Chromosomes that can’t
maintain their ends suffer from
what’s called the ‘end replication
problem’: they don’t get copied all
the way to the tip during DNA
replication, and gradually shorten
with each cell division. Problems
arise when they become too short.
Uncapping can also occur when
certain critical proteins are removed
from the telomere.
How do cells deal with the end
replication problem? Most organisms
use telomerase, a reverse
transcriptase that uses an internal
RNA template to extend the G-rich
strand of pre-existing telomeric ends
(see Figure). Yeast and ciliate cells
have constitutive telomerase activity,
and maintain telomeres at a stable
length. In humans and mice,
however, the enzyme is not active in
every tissue; in telomerase-negative
cells such as the skin, telomeres
progressively shorten.
I’ve heard of telomerase before.
I bet! Telomerase received a ton of
publicity three years ago when
activating the enzyme in cultured
human cells was shown to
significantly extend their life-span.
Telomerase was nicknamed ‘the
cellular fountain of youth’. An equally
important finding, although much
less glorified, was that mice lacking
telomerase show accelerated age-
related phenotypes including
impaired wound healing and a
weakened immune system.
If we activate telomerase in our cells, will
we live forever too? Making cells
immortal in culture is a far cry from
immortalizing entire humans. And,
telomerase has a dark side: the
enzyme is reactivated in many human
cancers. It’s possible that inducing cell
immortality with telomerase to fight
aging might also cause cancer. A more
promising use for cellular life-span
extension lies with cell-based
therapies that are currently limited
because the cells stop dividing before
they can be manipulated.
Would blocking telomerase in tumors
stop cancer? That’s the hope.
Telomerase inhibitors are being
developed as potential anti-cancer
agents, which may provide an
effective therapy with limited side
effects. There are, however, other
ways that DNA can be added onto
chromosome ends, such as
retrotransposon-mediated
lengthening, which occurs in
Drosophila, and recombination-based
mechanisms, which occur in
telomerase-deficient yeast and human
cells. These pathways kick-in when
telomerase is absent and may limit the
usefulness of anti-telomerase drugs.
Where can I find out more?
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The reverse transcriptase subunit, TERT, of
the telomerase complex uses an RNA
template (red) to extend the end of the
chromosomal DNA (purple).
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